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Abstract: The present experiment was undertaken to determine the mutagenic potential of lead on the cytomorphology
of Trigonella foenum-graecum L. and to determine the maximum concentration of lead nitrate that induces maximum
genetic variability. The seeds were treated with 6 different concentrations (10, 25, 50, 100, 200, and 400 ppm) of lead
nitrate. The higher concentrations of lead nitrate significantly reduced plant height, number of branches per plant,
pollen fertility, and yield; higher concentrations also caused variation in the plants at the seedling and mature stages.
In addition, concentrations affected the pairing of homologous chromosomes and spindle formation. This resulted in
laggards, bridges, fragments, multipolar orientation of chromosomes, and reduced chiasmata frequency. On the basis
of these results, it was concluded that lower concentrations of metal did not significantly affect the cytomorphology of
Trigonella, while higher concentrations of lead nitrate were found to be more mutagenic and cytotoxic.
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Introduction
Heavy metals are naturally present in the
environment. Lead, cadmium, and zinc are the most
abundant heavy metals. It is well known that heavy
metals are among the most toxic and environmentally
hazardous pollutants. Industrialization and rapid
urbanization have enhanced the levels of toxic heavy
metals in the environment, which poses a potential
health hazard for all living organisms (1). Reporting
on the carcinogenic activity of heavy metals on the
genetic systems of living organisms is an important
task for biologists. Knowledge of the toxic effects
of heavy metals on biochemical and physiological
processes is potentially useful for establishing an
index of toxicity.
A number of authors have determined a
relationship between heavy metals in natural and
industrial environments and an increased frequency
of chromosomal mutations and cancerous processes

in organisms (2). Among the heavy metals, lead was
found to be one of the most toxic anthropogenic
mutagens. Various organic and inorganic salts of lead
have been subjected to a variety of mutagenic tests
(3-5).
Lead inhibits spindle formation and shows
a c-mitotic effect. Sathaiah et al. (6) studied the
clastogenic and cytotoxic effects of metallic salts Pb++
and Cd++ on the root meristem of Allium cepa and
reported that lead caused the maximum degree of
mutagenicity.
Trigonella (2n = 16) is a medicinally and
economically important legume crop. The present
work aimed to evaluate the effect of heavy metals on
the genotypic and phenotypic characters of Trigonella
in order to contribute to the understanding of
Trigonella adaptation to metal stress and to determine
the maximum concentration of Pb(NO3)2 that the
plant can tolerate.
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Cytotoxic action of lead nitrate on cytomorphology of Trigonella foenum-graecum L.

Materials and methods

Statistical analysis

Trigonella seeds were obtained from the Cytogenetics
and Mutation Breeding Laboratory, Department of
Botany, Aligarh Muslim University, Aligarh, India.
Fresh, healthy, and uniform Trigonella seeds were
presoaked in distilled water for 12 h and then treated
with 6 different concentrations (10, 25, 50, 100, 200,
and 400 ppm) of lead nitrate solution (pH 4) prepared
in phosphate buffer for 24 h. One set of seeds was
soaked in distilled water to act as the control. The
treated sets of seeds were washed in running tap
water to remove the residual metal. Each set of seeds
was sown in a pot along with the control to raise the
M1 generation. For meiotic studies, young flower
buds from randomly selected plants at each mutagen
dosage level, as well as from the control, were fixed in
freshly prepared Carnoy’s fixative (absolute alcohol,
chloroform, and acetic acid in a percentage ratio of
6:3:1) for 24 h and preserved in 70% alcohol.

A total of 10 replicates for each treatment were
conducted. Statistical analysis of data was done with
SPSS 17.0 for Windows (SPSS, Chicago, IL, USA).
Analysis of variance (ANOVA) was performed
on the data to determine the least significant
difference (LSD) between treatments; means were
set at 5% and 1% significance levels (P < 0.05, 0.01).
Photomicrographs were taken from both permanent
and temporary slides.

Anthers from the collected flower buds were
compacted in 1.5% propionocarmine and made
permanent through an NBA-GAA series for pollen
mother cells (PMCs) and pollen grain analysis.

Results
The plants raised from the treated populations
exhibited a number of cytomorphological
abnormalities. The maximum germination was
recorded in the control group (98.00%) and decreased
in treated populations, ranging from 95.47% to
68.44% in 10 to 400 ppm lead nitrate, respectively
(Table 1). Moreover, delayed germination occurred
in higher concentrations of lead nitrate (200 and 400
ppm) as compared to the control (Table 1).

Table 1. Effect of PbNO3 on the morphological characters of Trigonella foenum-graecum L.

Seed
germination
(%)

Plant height
(cm)
–
X ± SD
CV

No. of
pods/plant
–
X ± SD
CV

No. of
seeds/plant
–
X ± SD
CV

1000-seed
weight (g)
–
X ± SD
CV

Total yield
(g)
–
X ± SD
CV

Pollen
fertility
(%)

Control

98.00

38.00 ± 0.85
2.24

10.08 ± 0.90
8.93

12.55 ± 0.77
6.14

6.95 ± 0.80
11.64

1.22 ± 0.18
15.45

97.50

10

95.47

40.00 ± 0.95**
2.38

12.08 ± 1.16**
9.63

13.25 ± 1.28
9.72

7.32 ± 1.07
14.74

1.35 ± 0.22
16.62

95.00

25

89.42

39.50 ± 1.16**
2.95

11.16 ± 1.02*
9.22

12.91 ± 1.32
10.68

7.12 ± 0.93
13.16

1.31 ± 0.21
16.44

93.36

50

88.44

38.58 ± 1.08
3.04

9.75 ± 1.05
10.82

12.75 ± 1.05
8.27

6.90 ± 0.81
11.81

1.32 ± 0.37
28.15

81.72

100

79.38

37.66 ± 0.88
2.35

9.41 ± 0.99
10.58

12.83 ± 1.19
9.30

6.83 ± 0.94
13.78

1.21 ± 0.16
15.99

76.25

200

73.32

33.08 ± 0.99**
3.01

8.00 ± 0.85**
10.66

10.08 ± 0.90**
8.93

6.65 ± 0.87
13.44

1.12 ± 0.17
15.47

70.32

400

68.44

29.83 ± 0.83**
2.79

6.41 ± 0.95**
14.11

9.08 ± 0.78**
8.73

6.70 ± 0.92
13.85

1.10 ± 0.17
15.97

68.85

-

0.83
1.18

0.94
1.33

1.38
1.96

NS
NS

0.17
0.24

-

Concentrations
of PbNO3
(ppm)

LSD at 5% (*)
LSD at 1% (**)
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A dose-dependent decrease in plant height, number
of branches per plant, number of pods per plant, and
seeds per plant (yield) was observed. Similarly, pollen
fertility decreased as the concentrations of lead nitrate
increased. Meiosis was normal in the control, showing 8
bivalents at diakinesis arranged normally at metaphase
and segregating into 8:8 at the anaphase I stage (Figure
1). However, a large number of meiotic abnormalities
were recorded in the treated populations.
The more frequent aberrations were stickiness,
laggards,
bridges,
secondary
association
(translocation rings), multivalents and univalents,
disturbed polarity, and cytomixis (Figure 1). The
dose-dependent increase in meiotic aberrations was
observed in all lead nitrate treatments. The overall
percentage of abnormal PMCs increased from

A

D

5.56% to 37.73% moving from 10 to 400 ppm of lead
nitrate. The maximum aberrations were found in
200 and 400 ppm of lead nitrate (Table 2). Moreover,
laggards and bridges were found in anaphase and
telophase I/ІІ stages. The frequency of stickiness
and stray bivalents at 10 ppm was 1.44% and 0.48%,
respectively; at 400 ppm, the frequency was 5.45%
and 4.09%, respectively (Table 2).
Univalents and multivalents were absent in the
lower concentration (10 ppm) of lead nitrate, but
their frequencies increased from 0.47% to 3.64% at 25
and 400 ppm, respectively. The frequency of laggards
and bridges (at the anaphase and telophase stages),
disturbed polarity, cytomixis, and micronuclei also
increased significantly with increasing concentrations
of heavy metal (Table 2).

B

E

C

F

Figure 1. Meiosis: A) 16 univalents at metaphase I, B) 8 bivalents at metaphase I, C) 2 laggards at anaphase I, D) chromatin bridge at
anaphase II, E) 2 micronuclei at telophase II, F) PMC showing cytomixis.
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Total
no. of
PMCs
observed

220

208

215

206

210

228

220

Conc. of
PbNO3
(ppm)

Control

10

25

50

100

200

400

83

72

60

45

26

14

-

Total no.
of
abnormal
cells

-

0.48
(1)

0.93
(2)

1.94
(4)

2.86
(6)

3.51
(8)

4.09
(9)

-

1.44
(3)

2.33
(5)

0.49
(1)

2.86
(6)

5.26
(12)

5.45
(12)

Stickiness

Stray
bivalent

3.64
(8)

3.05
(7)

2.86
(6)

1.46
(3)

0.47
(1)

-

-

Multivalent and
univalent

Metaphase I/II

2.73
(6)

2.19
(5)

1.90
(4)

1.46
(3)

1.40
(3)

0.48
(1)

-

Laggard

4.09
(9)

3.51
(8)

3.33
(7)

2.91
(6)

1.40
(3)

1.44
(3)

-

Bridge

1.36
(3)

1.32
(3)

0.95
(2)

0.49
(1)

-

-

-

Disturbed
polarity

Anaphase I/II

1.36
(3)

2.73
(6)

2.63
(6)

2.38
(5)

0.95
(2)

0.88
(2)

1.46
(3)

0.47
(1)

-

-

0.49
(1)

0.47
(1)

-

-

Cytomixis Micronuclei

3.64
(8)

3.07
(7)

2.86
(6)

2.43
(5)

0.93
(2)

0.96
(2)

-

Bridge

Telophase I/II

4.09
(9)

3.51
(8)

3.81
(8)

2.91
(6)

1.86
(4)

-

-

Disturbed
polarity

Table 2. Percentage of meiotic abnormalities at different stages of meiosis induced by PbNO3 in Trigonella foenum-graecum L.

4.55
(10)

3.95
(9)

3.81
(8)

2.91
(6)

1.86
(4)

0.96
(2)

-

Laggard

37.73

32.90

28.57

18.95

12.12

5.76

-

%
Abnormalities
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The results of the present study indicate that
lead nitrate has a considerable inhibitory effect
on morphological parameters and increases
chromosomal aberrations in Trigonella in a dosedependent pattern; these effects were highest at
greater concentrations of the metal (Table 1).

The data concerning yield parameters showed a
significant decrease in yield. Laxmi et al. (17) also
recorded a significant decrease in yield as compared to
the control while using different chemical mutagens.
Similar results were also reported by Tickoo and
Chandra (18) in mungbean, Singh et al. (19) in urd
bean, and Bhat et al. (20) in broad bean.

Discussion

The fact that the activity of heavy metal ions
induces chromosomal abnormalities in plants has
been demonstrated by El-Ghamery et al. (21) and
Grant and Owens (22). In the present study, no
significant differences were found between the
control and the lower concentrations of lead nitrate
(25 and 50 ppm). This may be due to the lower
toxicity associated with lower concentrations of the
heavy metal under consideration.

The present study clearly demonstrates that heavy
metal (Pb) stress had a significant effect on the
phenotypic and genotypic structure of the plant.
In addition, at up to 100 ppm, the tolerance of the
plant to environmental stress was also marked. The
observed chromosomal aberrations represent the
direct effect of pollution on the genetic material.
Morphological variations were positively correlated
with chromosomal aberrations.
Seed germination and pollen fertility were
inversely proportional to concentrations of lead
nitrate. Germination reduction is primarily
attributed to the occurrence of seeds without
completely developed embryos (7). Several factors
such as oxygen concentration, light, moisture level,
and incubation temperature are also known to affect
seed germination (8).
According to Sato and Gaul (9) and Natarajan
and Shivasankar (10), the reduction in seedling
survival is attributed to cytogenetic damage and
physiological disturbances. Moreover, mutagens also
cause disturbances in genetic physiological activities,
which lead to the death of the cell.
Pollen fertility was the result of interchanges of
segments between nonhomologous chromosomes.
Pollen fertility is an index of meiotic behavior. When
the chromosomal abnormalities are greater, the level
of pollen sterility rises (11-14).
Morphological analysis of M1 plants showed that
plant height was reduced in the treated population as
compared to control. The reduction can be attributed
to chromosomal damage. Dimitrova (15) reported
that high concentrations of Pb, Zn, Cd, and Cu
suppressed the growth of vegetative organs. It was
also reported that increased levels of heavy metals in
the soil decreased not only the growth of vegetative
organs but also the rate of cell division (16).

Cytological analysis revealed that the level
of chromosomal aberration gradually increased
along with increasing concentrations of Pb(NO3)2,
conforming to the observations of earlier studies (2325). The decrease in the frequency of cell division is
an example of the inhibitory effect of heavy metal
ions (26,27). As they arrive to the plant, these ions
(Pb++) affect enzymatic activity, disturb electrolytic
equilibrium, negatively influence growth, and inhibit
the frequency of cellular division.
Bivalents were found clumped in single or different
groups at metaphase І/П due to depolymerization of
nucleic acids or partial dissociation of nucleoproteins
and alteration in their pattern of organization.
Evans (28) and Jayabalan and Rao (29) suggested
that stickiness might be due to disturbances in the
cytochemically balanced reaction.
The occurrence of univalents and multivalents
observed in Trigonella at metaphase has also been
reported in other plants such as barley (30) and
broad bean (24). The occurrence of univalents may
be due to the induction of structural changes at the
chromosome and/or gene level, and this may be
responsible for the failed pairing among homologous
chromosomes (31). Multivalent formation can be
attributed to partial irregular pairing between more
than 2 chromosomes (32).
According to Saylor and Smith (33), anaphase
bridge formation may be due to failure of the
chiasmata in a bivalent to terminalize. As a result, the
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chromosomes are stretched between poles. Bridge
formation at the telophase stage may be due to
paracentric inversion (34). According to Kumar and
Tripathi (35), laggards at anaphase may be due to a
delay in terminalization or the failure of spindle fibers
to bind at the kinetochore. Cytomixis was earlier
reported by Maria De Souza and Pagliarini (36), and
it is considered to be a source of the production of
polyploidy and aneuploid gametes (37,38).
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